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Synthetic salmon calcitonin stimulates appositional growth of  acellular skeletal bone in S. 
mossambicus, although it acts rather slowly. Sixteen hours after a single injection of  calcito­
nin in the osteoblasts structural signs of  cellular activation became apparent. After 9 days of 
continuous calcitonin infusion the osteoblasts had increased in size and number and were 
highly active. Scale formation by the outer scale-forming cells was also stimulated by cal­
citonin. Conversely, no effects of calcitonin were noticeable on the calcium and phosphate 
concentrations of  the skeletal bone and scale matrix, and no changes were found in total or 
ultrafilterable plasma calcium levels, or plasma phosphate. The absence of  noticeable effects 
of  calcitonin on the concentration of  calcium and phosphate in bone and on plasma calcium 
may be related to the absence of osteocytes and the scarcity or absence of bone resorbing 
cells in acellular bone. The capacity of  calcitonin to induce acute changes in plasma calcium 
levels by modifying the exchange of calcium between bone and body fluids is therefore 
limited. If calcitonin performs any function in the plasma calcium regulation of fish with 
acellular bone, the mechanism of action will be different from that in mammals, where 
calcitonin is a fast-acting hormone operating predominantly by inhibition of osteocytic os­
teolysis and osteoclastic bone resorption.
I n  mammals, a prompt hypocalcemic re- 
jnse is usually observed following injec- 
mi of  calcitonin o f  mammalian or teleos-  
_ a n  origin (Copp et al., 1972; Pang et cil., 
1971), and because o f  this calcitonin is con- 
idered an important subsidiary hormone in 
e homeostatic control o f  blood calcium in 
iese animals (Copp et al., 1972; Cooper et 
uL, 1981). But it is questionable whether  
calcitonin has a similar significance as a 
hypocalcemic factor in fish. Indeed, in most 
studies on fish no effect on plasma calcium  
was seen after administration o f  mamma­
lian or fish calc itonin  (Pang, 1971; Ya- 
mauchi et al., 1978; W endelaar Bonga,  
1980; Hirano et al., 1981). Similar find­
ings on higher vertebrates have been ra­
tionalized by suggesting that the absence  
of  a hypocalcemic response is due to the 
presence o f  such highly efficient h om eo­
static control mechanisms for calcium that 
the potential hypocalcemic effect o f  the hor-
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mone is completely masked (Copp et al., 
1972). In a study on sticklebacks (W en­
delaar Bonga, 1980) we found some support 
for this explanation, since the prolactin 
cells, that may have a hypercalcemic func­
tion in fish, were activated after prolonged 
calcitonin treatment. H owever, an alterna­
tive explanation needs consideration . In 
mammals, the hypocalcem ic response to 
calcitonin is mainly due to the inhibitory 
effect o f  the hormone on bone resorption 
and osteolysis  by inhibition o f  multinuclear 
o steo c la s ts  and o s te o c y te s ,  respective ly  
(Mills et al., 1972; Matthews et al., 1972). 
But as most fish have acellular bone (i.e., 
the compact bone matrix does not contain  
enclosed osteocytes)  and multinuclear o s ­
teoclasts may be absent from acellular bone 
(Moss, 1962; Weiss and Watabe, 1979), the 
effect o f  calcitonin on these cell types in 
acellular boned fish is obviously precluded. 
Thus, in fish, calcitonin may be unable to 
affect the exchange o f  calcium betw een  
bone and blood plasma to an extent com pa­
rable to that in mammals.
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In the only ultrastructural study on acel- 
lular bone o f  ske leta l  origin know n to 
us, osteoblasts and mononuclear bone-re- 
sorbing cells  were described (W eiss and 
Watabe, 1979). But whether the degree of  
mineralization o f  acellular bone, or the ac­
tivity o f  its cells can be influenced by cal­
citonin is not known. The present study 
then deals with the effects o f  synthetic sal­
mon calcitonin not only on plasma calcium  
and phosphate levels but also on the ul­
trastructure and degree o f  mineralization 
o f  ace llu lar  bone in the c ich lid  te leo s t  
Sarotherodon (Tilapia) mossambicus.  A d­
ditionally, the scales were studied, as the 
bone o f  scales has also been shown to rep­
resent a calcium storage pool o f  physiologi­
cal importance (Simkiss, 1974; Mugiya and 
Watabe, 1977). The primary postulate in­
vestigated was whether or not the absence  
o f  a hypocalcemic response to calcitonin  
administration in acellular boned fish could 
be attributed to the absence o f  any major 
effects o f  this hormone on bone resorption, 
the degree o f  mineralization o f  the bone 
matrix, or both resorption and mineraliza­
tion.
MATERIALS AND METHODS
Sexua l ly  m a tu re  S. m o ssa m b icu s ,  with  body 
weights varying between 25 and 49 g, were obtained 
from laboratory stock. The Fish were kept in 100-liter 
freshwater aquariums at a temperature of 26°, and the 
fish were exposed to a daily light period of 12 hr. They 
were fed daily with Tetramin tropical fish food. The 
calcium concentration of the water amounted to 0.8 
mmol/liter and this concentration was kept constant 
during the experiments. Only male fish were used, 
since in female fish ovarian maturation interferes with 
calcium metabolism, in a cyclical way.
Synthetic salmon calcitonin (4000 U/mg; a gift from 
Armour Pharmaceutical Co., Milwaukee, Wise.) was 
administered by ip injection or by implantation of os­
motic minipumps. The hormone was dissolved in 0.2 
ml of 0 .1 N  HC1 and this stock was diluted to 4 ml with 
a 0.6% solution of  NaCl containing 1% gelatin. This 
injection solution was stored at -20°.  Groups of 8 
freshwater fish were injected once with 15 ¡A of this 
calcitonin solution to a dose of 10 mU/g body weight 
and the fish were killed 7 or 16 hr later. To test effects
of  long-term exposure to calcitonin the hormone was 
administered continuously and at a constant rate (0.09 
mU/g body wt/hr) by implantation of a model 1701 
Alzet Osmotic Minipump (Alza, Palo Alto, Calif.) 
containing 170 of a similarly prepared calcitonin 
solution. Control fish received a hormone-free pump. 
The minipumps were implanted in traper i toneal ly  
through an incision in the lateral body wall while the 
fish were under MS-222 anesthesia. The incision was 
sutured carefully.
Af te r  9 d ays  the fish w ere  kil led by mild 
anesthetization with MS-222 and a blood sample was 
collected after caudal section from the caudal blood 
vessels into microhematocrit capillaries. After cen­
trifugation, blood plasma was collected and plasma 
total calcium and phosphate were determined. An 
aliquot of blood plasma from each fish was depro- 
teinized by ultrafiltration with a Sartorius Membran- 
filter to determine the nonprotein bound calcium frac­
tion.
To determine bone mineral content,  scales, opercu­
lar bones, and tail fins were collected. After cleaning 
for 2 hr in 1 N  KOH, the bony tissue was rinsed three 
times in 100% ethanol and dried for 16 hr at 90°. After 
determination of dry weight, the bones were dissolved 
in 1 ml of 10 N  HNO, for 2 hr.
Following appropriate dilution of the 10 N  HNO;, 
plus bone solution, calcium concentrations were mea­
sured by microtitration with EGTA in a Marius cal­
cium titrator. Phosphate concentrations were deter­
mined with the l-amino-2-naphthol-4-sulfonic acid 
procedure in a Technicon autoanalyzer.
For microscopical analysis, central parts of the tail 
fins and parts of the abdominal body wall were dis­
sected and prefixed for 10 min at 20° in 3% glutaral- 
dehyde in 0 .1 N  cacodylate buffer at a pH of 7.3. The 
tissues were then fixed for 1 hr at 0° in a freshly pre­
pared solution of 0.8% OsO,,  1%^ glutaraldehyde and 
2% K2Cr20 7, in the same buffer. After dehydration in 
ethanol, the tissues were embedded in Spurr’s resin.
For light microscopy, l-/um-thick sections were cut 
with glass knives and stained with toluidine blue. In 
cross sections of fin rays and scales, cellular and nu­
clear volumes of osteoblasts and scale forming cells 
were determined with Kontron Digiplan magnetostric­
tion tablet. Per animal 50 cells and their nuclei were 
measured. The number of osteoblasts and scale form­
ing cells per unit length of bone surface was estimated 
by examining cross  sections and determining the 
number of cells apposing the bone surfaces over a 
length of 100 mm of bone/animal. Only cell profiles 
showing nuclei were considered.
For electron microscopical examination, ultrathin 
sections were cut with diamond knives and stained 
with Reynolds' lead citrate. The quantitative data were 
analyzed for statistical significance with Student 's  / 
test at the 5% level.
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RESULTS
Calcitonin and Ultra struct are o f  Bone
Fin rays: Control fish. The structure o f  
fin rays and scales o f  S. niossamhicus  was 
described by Lanzing (1976) and Lanzing 
and Wright (1976). In cross sections o f  tail 
fins the tin rays appeared as two apposed  
semilunar hemisegments covered by a thin 
periosteal layer which was surrounded by 
connective tissue. Ultrastructurally, three 
zones are visible: a central mineralized o s ­
seous zone, a slightly mineralized preosse-  
ous matrix at the periphery of  the osseous  
zone, and a layer o f  bone cells. The osseous  
zone was electron-dense and consisted of  
co m p a ct  bone w ithout lacunar sp a c e s ,  
canaliculi,  or en c lo sed  o s te o c y te s .  The 
preosseous matrix appeared to be a narrow 
rim about 1 jam in width and consisted o f  
densely  packed collagen fibers and d is ­
persed e lec tron -d en se  spicular particles  
which likely represented bone mineral de­
posits (Figs. 1 and 2). The bone cells in the 
outer layer were identified as osteoblasts  
and they formed a single but discontinuous  
layer at the perimeter o f  the preosseous  
matrix (Figs. 1 -3 ) .  In cross sections o f  fin 
rays the bone cells were oval in shape and 
had a prominent nucleus with condensed  
chromatin and a narrow rim o f  cytoplasm.  
Small cytoplasmic cell processes occasion­
ally penetrated the preosseous matrix. Al­
though some o f  the osteoblasts appeared 
to be connected by desm osom es, the ma­
jority o f  ce lls  were not in contact with 
neighbouring cells. The cytoplasm o f  the 
o steo b la s ts  conta ined  som e small m ito­
chondria with an occasiona l small e l e c ­
tron-dense granule, some isolated strands 
o f  granular endoplasm ic  reticulum, and 
small Golgi areas (Figs. 1 -3 ) .  A character­
istic feature o f  many o f  these cells  was  
the presence of  small electron-transparent 
vesicles (4 5 -1 0 0  jjlm in diameter) in the vi­
cinity o f  the outer cell membrane (Fig. 3). 
E v id e n c e  for the p r e se n c e  o f  b on e-  
resorbing cells was not observed.
Fin rays: Calcitonin treated fish.  Seven  
hours after a single calcitonin injection the 
fin ray structure o f  calcitonin treated fish 
did not differ from that o f  controls. H ow ­
ever, 16 hr after injection, structural differ­
ences were observed which suggested an 
activation o f  the osteoblasts. In the nuclei, 
the chromatin was less condensed than in 
the controls and nucleoli appeared in some  
nuclei (Fig. 4). Further large electron-dense  
granules appeared in many o f  the mito­
chondria (Fig. 5). In some cells, the cisterns  
o f  the granular endoplasmic reticulum were 
d ila ted  by the p r e s e n c e  o f  e le c tr o n -  
transparent material.
After continuous calcitonin treatment for
9 days, marked differences were observed  
in the periosteal layer. Cellular and nuclear 
sizes o f  the osteoblasts had significantly in­
creased (Table 1). The hypertrophy o f  the 
cells could be accounted for largely by the 
increased extent o f  the granular endoplas­
mic reticulum and the Golgi areas (Figs. 
6 - 8). Clear vesicles occurred in large num­
bers at the periphery o f  the cells (Fig. 8) and 
signs o f  extrusion o f  the contents o f  these 
vesicles by exocytosis  were commonly ob­
served (Fig. 8). Further, the number o f  o s ­
teoblasts per unit length o f  bone surface 
had markedly increased (Table 1) and in 
the o sseou s  zone, a highly electron-dense  
rim was visib le  at the periphery o f  the 
hemisegments which was apparently more 
heavily mineralized than the older bone  
matrix (Fig. 7). Such rims were never seen  
in control fish and they are interpreted as 
evidence o f  newly formed bone tissue. The 
thickness o f  this rim indicated a rate o f  
bone apposition o f  about 1 /jlm/day.
Calcitonin treatment for 9 days (0.09 mU  
g " 1 hr“1) did not noticeably influence the 
calcium or phosphate concentrations o f  the 
opercular bone or o f  the fin rays (Table 2).
Scales: Control fish. The scales consisted  
o f  a calcified collagenous matrix with con ­
centrically arranged ridges, the circuli, at 
the outer surface and a dense layer o f  un­
mineralized collagen fibers, the fibrillary
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F i g s . 1-3 .  Osteoblasts in the periost of fin rays of mature control fish. The cells are small and 
contain a few strands of  granular endoplasmic reticulum (ger; Fig. 1; x 15,700). Clear vesicles are 
scarce (arrows; Fig. 1) or absent (Fig. 2, x 10,440; Fig. 3; x 11,424); in the nuclei the chromatin is 
condensed; poz, preosseous matrix; om, osseus matrix.
F i g s .  4 - 5 .  Periost of Fin rays of Fish, 16 hr after calcitonin injection (10 mU/g). The nuclear 
chromatin is dispersed and some cells have prominent nucleoli (Fig. 4, x 11,000). The mitochondria 
contain electron dense granules (arrows) and the granular endoplasmic reticulum may be dilated (Fig.
5, x 14,000); poz, preosseous zone; om, osseous matrix.
F i g . 6 . Osteoblasts of  fin ray periost of fish treated for 9 days with calcitonin. The cells contain 
cytoplasmic processes (cp) into the preosseous zone (poz). The cytoplasm is extensive and contains 
well-developed granular endoplasmic reticulum (ger). Clear vesicles are common (arrows); om, osse­
ous matrix (x 19,500).
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No. of bone-forming 
cells/mm
Osteoblasts' '
Calcitonin'- 30.3 ± 4.2** 7.5 ± 0.8* 102.7 ± 8.2**
Controls '7 13.7 ± 2.8 5.5 ±  0.6 64.1 ± 10.7
Scale-forming
cells'’
Calcitonin'’ 23.8 ± 0.9** 6.4 ± 0.4* 19.1 ± 4.6
Controls '7 14.7 ± 1.6 5.1 ± 0.3 16.3 ±  4.2
" Data given as means ± SD of  6 fish/group. 
h Osteoblasts in the periost of fin rays.
r Synthetic salmon calcitonin administered for 9 days by implanted osmotic minipumps. 
a Hormone-free pumps.
e Scale-forming cells at the outer surface of the scales.
* Statistically significant, P < 0.05.
** Statistically significant, P < 0.001.
plates, at the inner surface. In control fish 
the scale forming cells were found in low 
numbers and were dispersed over the outer 
scale surface. The nuclei o f  these cells were 
sm all and o ften  c o n ta in e d  c o n d e n s e d  
chromatin. The scanty cytoplasm contained  
a few strands of  granular endoplasmic re­
ticulum and an occasional mitochondrium  
(Fig. 9). Golgi areas were rarely observed  
and electron-transparent vesicles were ab­
sent.
Scales: Calcitonin treated fish. The scale 
forming cells in fish treated for 16 hr or 9 
days with calcitonin were almost as low in 
number as in control fish but the size o f  the 
cells and their nuclei had increased signifi­
cantly (Table 1). The ultrastructure o f  these  
cells was similar to that o f  the calcitonin 
treated osteob lasts .  The cytop lasm  c o n ­
tained extensive granular endoplasmic re­
t icu lum , and many c lear v e s ic le s  were  
present at the cell periphery (Fig. 10). Most 
active scale forming cells were found at the 
periphery o f  the scale. Calcium and phos­
phate concentrations remained unchanged
(Table 2).
Calcitonin and Plasma Calcium Levels
As shown in Table 3, a single injection o f
10 mU/g o f  synthetic salmon calcitonin did
not noticeably influence plasma phosphate, 
plasma total calcium, or the ultrafilterable, 
nonprotein bound plasma calcium fraction. 
Plasma N a+ and Cl-  levels were also un­
changed (data not show n here). Higher  
d o se s  o f  ca lc iton in  (40 m U /g; data not 
shown here) were also without effect as was 
exposure for 9 days to calcitonin adminis­
tered at a rate o f  0.09 mU hr-1 g body w t_l 
(Table 3).
DISCUSSION
Calcitonin and Bone Cells
Our observations suggest that synthetic 
salmon calcitonin stimulates the apposi-  
tional growth o f  the acellular bone o f  S. 
mossambicus.  Calcitonin has been reported 
to exert the same effect on the cellular bone 
of  eels (Lopez et al., 1976) and higher ver­
tebrates (Gaillard, 1970; Mills et al., 1972; 
Norimatsu et al., 1979). There are, how ­
ever, marked differences between the mode 
of  action o f  calcitonin on acellular and ce l­
lular bone. As S. mossambicus  has only 
compact bone, bone apposition is limited to 
relatively small areas. Calcitonin appeared 
to increase the number, size and secretory  
activity o f  the osteoblasts in this species but 
the response o f  these cells to calcitonin de-
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F i g s .  7 - 8 .  Fin rays of  fish treated for 9 days with calcitonin. In the osseous matrix a dense rim of 
newly synthesized bone is noticeable (nsb, Fig. 7, x  1 1,200). The osteoblasts contain extensive granu­
lar endoplasmic reticulum (ger), and clear vesicles are common (arrows, Fig. 8, x 29,000); poz, preos- 
seous zone; double arrow, exocytosis.
F i g .  9. Scaleforming cell at the outer scale surface of control fish. The cytoplasm contains hardly 
any cellular organelle; om, osseous matrix of  scale (X4750) .
F i g . 10. Sca le forming  cell  at the outer scale  surface o f f i s h  treated for 9 days  with calci tonin;  ger,  
granular endop lasm ic  reticulum; o m ,  o s s e o u s  matrix o f  sca le;  arrows,  clear ves ic le s  ( x  16,000).
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TABLE 2
C a l c i u m  a n d  P h o s p h a t e  C o n t e n t s " i n  B o n e  
f r o m  S c a l e s , O p e r c u l u m  a n d  F i n  R a y s  o f
F r e s h w a t e r  F i s h ''
Scales O perculum Fin rays
Calcitonin
C a-+ 4.85 ± 0.45 5.94 ± 0.40 5.76 ±  0.6
PO r‘ ■ 3.12 ±  0.33 3.61 ±  0.18 3.52 ± 0.29
Controls
C a-+ 4.97 ±  0.46 5.82 ±  0.43 5.68 ±  0.23
p o ,:'- 3.13 ± 0.14 3.53 ± 0.37 3.51 ±  0.28
" Millimoles per  gram dry weight.
h Fish were treated for 9 days with synthetic  salmon ca lc i to ­
nin (calcitonin) o r  solvent (controls), adm inistered  by im­
planted osm otic  m inipumps. M eans ±  S D o f 6  fish/group. Dif­
ferences from the con tro ls  are statistically nonsignificant.
veloped relatively slowly. The first signs o f  
activation o f  the osteoblasts appeared were 
noticed 16 hr after calcitonin injection with 
the appearance o f  nucleoli and o f  an abun­
dance o f  m itochondria l  granu les .  High  
numbers o f  such granules have also been 
observed in osteoblasts in eels (Lopez et 
al., 1978) and mammals, and likely repre­
sent calcium phosphate precipitates (Martin 
and Matthews, 1970). In mammalian bone, 
ultrastructural changes in osteoblasts and 
osteocytes ,  including a marked increase in 
m itochondrial granules ,  were o b se r v e d  
within 15 min o f  calcitonin administration 
(Matthews et al., 1972; Mills et al., 1972).
The most conspicuous effect o f  calcitonin 
on the cellular bone o f  higher vertebrates is 
the immediate inhibition o f  bone resorption 
by multinuclear osteoclasts  (Mills et al.,
1972). In fish, such cells have been o b ­
served only in eels  (Lopez, 1970). Weiss  
and Watabe (1979), however, after experi­
mentally induced décalcification, did d e­
scribe mononuclear cells that they consid­
ered to be bone resorbing cells in the acel- 
lular bone o f  Tilapia macrocephala.  But 
bone resorbing ce lls  were not observed  
during the present study on S. mossam-  
bicus. In mammals, bone resorption is e f­
fected not only by osteoclasts ,  but also by 
osteocytes  and mononuclear macrophages  
(Heersche, 1978). Intralacunar osteocytes  
are lacking in S. m o ssa m b icu s ,  w h e r e ­
as macrophages were absent from the peri­
osteal region. We conclude, therefore, that 
the action o f  calcitonin on the bone cells 
in this sp e c ie s  is limited to stimulation  
o f  the osteoblasts, at least in the mature, 
slowly growing fish examined in this study. 
The presence o f  bone resorbing cells  in 
rapidly growing ju ven ile  fish cannot be 
excluded. Like the osteoblasts, the scale- 
forming cells are activated by calcitonin. 
These cells are also structurally very simi­
lar to osteoblasts.
TABLE 3
E f f e c t  o f  S y n t h e t i c  S a l m o n  C a l c i t o n i n  o n  P l a s m a  T o t a l  C a l c i u m , P l a s m a  U l t r a  f i l t e r a b l e
(n o n -p r o t e i n -b o u n d ) C a l c i u m , a n d  P l a s m a  P h o s p h a t e  (mmol/liter) o f




Calcitonin, 7 hr'' 2.96 ± 0.20 1.48 ± 0.21 0.64 ± 0.05
Controls 2.92 ± 0.09 1.58 ± 0.13 0.57 ± 0.04
Calcitonin, 16 hr'- 3.01 ±  0.27 1.61 ± 0.17 0.62 ± 0.06
Controls 3.09 ±  0.31 1.68 ± 0.27 0.54 ± 0.03
Calcitonin, 9 days' ' 2.90 ± 0.32 1.49 ± 0.22 0.65 ± 0.05
Controls 3.08 ± 0.13 1.53 ± 0.14 0.59 ±  0.04
" Data are given as means ± SD of 10 fish/group. The differences between calcitonin treated fish and controls 
are statistically nonsignificant. 
b Single injection 7 hr before blood sampling; dose 10 mU/g. 
r Single injection 16 hr before blood sampling; dose 10 mU/g.
d Osmotic minipump implanted 9 days before blood sampling; dose 0.09 mU g _l hr-1.
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Calcitonin and Bone Mineralization
Prolonged calcitonin treatment did not 
noticeably influence the total concentration  
o f  calcium and phosphate o f  the bone, al­
though the thin layer o f  newly formed bone 
may be more heavily mineralized than the 
preexisting bone matrix. An increased cal­
cium and phosphate content was observed,  
however, in cellular bone from seawater  
eels  after prolonged calcitonin treatment 
(Lopez et al., 1976) and similar effects o f  
calcitonin on bone mineralization were re­
ported for birds and mammals (Baud et al., 
1970; Bélanger and Copp, 1972). In mam­
mals, the enhanced mineralization follow­
ing calcitonin treatment is ascribed to the 
inhibitory effect o f  calcitonin on the o s ­
teolytic activity o f  the osteocytes .  As a 
consequence, the continuous deposition o f  
calcium and phosphate at free crystalline 
bone surfaces, a noncellular event, is no 
longer  c o m p e n s a te d  by o s t e o c y t i c  o s ­
teo lys is ,  thus leading to enhanced bone  
mineral content (Mills et al., 1972). Acellu- 
lar bone has been considered relatively in­
accessible to the physicochemical type o f  
calcium and phosphate exchange with the 
body fluids (Norris et al., 1963; Simmons et 
al., 1970). This is supported by observa­
tions on the marine toadfish (Opsanus tan) 
where a very low rate o f  calcium exchange  
was observed between the acellular skeletal 
bone and the body fluids (Simmons et al., 
1970). U n fortu n ate ly ,  such data is not 
available for freshwater fish that live in low 
calcium environments. But there is some  
evidence that the degree o f  bone minerali­
zation in freshwater fish can be reversibly 
altered by hormones. For example, in S. 
m o ssa m b icu s  prolonged prolactin treat­
ment leads to a significant increase in cal­
cium and phosphate in skeletal bones as 
well as scales (Wendelaar Bonga and Flik, 
1982). Moreover, the scales o f  fish with 
cellular as well as acellular bone are known  
to represent an important store o f  calcium  
and phosphate that can be mobilized under 
conditions o f  starvation or sexual matura­
tion (Simkiss, 1974). Demineralization o f  
scales can be induced by administration o f  
estrogens (Mugiya and Watabe, 1977). Ap­
parently ,  the ex c h a n g e  o f  ca lc ium  and 
phosphate between acellular bony tissues  
and body fluids is controlled primarily by 
hormones other than calcitonin.
Calcitonin and Plasma Calcium
We w ere  unable  to d e m o n s tr a te  a 
hypocalcem ic response to calcitonin ad­
ministration in freshwater and seawater ac­
climated S. mossambicus.  Neither acute  
nor prolonged effects o f  the hormone were 
observed. In freshwater sticklebacks we 
did report a transient but significant de­
crease in the nonprotein bound plasma cal­
cium fraction 7 hr after a single injection o f  
synthetic  salmon ca lc itonin  (W endelaar  
Bonga, 1981). Further, Mathur (1979) was  
able to induce hypocalcemia in the catfish 
Channa punctatus,  1 hr after injection o f  
porcine ca lc iton in . Acute (Chan et al., 
1968) as well as prolonged (Lopez et al., 
1976) hypocalcemic responses to mamma­
lian or synthetic salmon calcitonin also 
have been reported in European eels. In 
many other studies on ee ls  and various  
other fish species no effects on plasma cal­
cium could be demonstrated (Pang, 1971; 
Copp et al., 1972; Yamauchi et al., 1978; 
W endelaar Bonga, 1980; Hirano et al., 
1981). The absence o f  a noticeable hypocal­
cemic response, however, as in the present 
experiments on S. mossambicus,  does not 
imply that the hormone has no significance 
as a factor in the homeostatic control o f  
plasma calcium. Hypocalcemic effects fol­
lowing calcitonin administration are absent 
in birds and are often barely noticeable in 
adult mammals with mature skeletal tissue. 
Yet in these animals a role o f  calcitonin in 
plasma calcium hom eostasis  seem s well 
established (Cooper et al., 1981) and the 
failure to find frank hypercalcemia follow­
ing calcitonin treatment is probably due to 
the fact that the hypocalcemic action o f  cal­
c iton in  is c o m p e n sa te d  d irectly  by the
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strong hypercalcemic action o f  parathyroid 
hormone (Copped al., 1972). Only in young  
mammals, with high bone cell activity, do 
hypocalcemic effects becom e clearly ev i­
dent. In these animals the reduction o f  cell 
mediated calcium release following calcito­
nin administration leads to a rapid but tran­
sient drop in plasma calcium as calcium de­
position in the bone is stimulated by the 
hormone (Matthews et al., 1972).
In fish, potential experimentally induced 
hypocalcemia may be attenuated by the en­
hanced release o f  a hypercalcem ic  hor­
mone, such as prolactin (Pang et al., 1978; 
Wendelaar Bonga et al., 1981). In this re­
spect it is o f  interest that prolactin cell ac­
tivity was enhanced in sticklebacks after 
prolonged treatment with calcitonin and 
that plasma calcium levels were unaltered 
(Wendelaar Bonga, 1980). But even if cal­
c i to n in  is in v o lv e d  in p la sm a  ca lc iu m  
homeostasis in fish, its mechanism o f  action 
in fish with acellular bone is clearly differ­
ent from that in mammals, since our results 
make it likely that calcitonin has no capac­
ity to inhibit calcium release from bony tis­
sues, whereas the enhanced rate o f  bone 
formation by the osteoblasts following cal­
citonin injection seem s to occur too slowly  
to have acute effects on plasma calcium  
levels.
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